ABSTRACT
INTRODUCTION
Primary production in lotic ecosystems is strongly influenced by the local aquatic community (Biggs, 1990) . In this context, stream algae (particularly those with macroscopic growth -macroalgae) represent, beside the aquatic macrophytes (Thomaz et al., 1999; Pezzato and Camargo, 2004) , one of the most important components of these communities (Holmes and Whitton, 1981) . Thus, studies relating the establishment and maintenance of stream macroalgal communities with specific biotic and abiotic factors are desirable.
Many studies have been carried out in several parts of the world, including boreal, temperate and tropical regions, and a large quantity of important information about the influence of selected environmental variables under lotic macroalgae have been produced (Kawecka, 1980; Holmes and Whitton, 1981; Johansson, 1982; Whitton, 1984; John and Moore, 1985; Sheath et al., 1986; 1989; 1996; Biggs and Price, 1987; Entwisle, 1989; Sheath and Cole, 1992; Necchi et al., 1995; 2000; Branco and Necchi, 1996a; Branco and Necchi, 1998) . Information like these has allowed a better comprehension of the functional mechanisms involved in the determination of the ecological distribution pattern of the stream macroalgal communities worldwide. Investigations concerning the ecological distribution of stream macroalgal communities have also been conducted in Brazil (Branco and Necchi, 1996b; 1998; Necchi et al., 2000) . However, the majority of those studies are concentrated in a single tropical region of São Paulo State, southeastern Brazil. Considering that Brazil is a big country with variety of tropical and subtropical regions, more ecological information from other Brazilian areas might be important to bring new insights about the stream macroalgal communities. The present study was carried out to analyze the species richness and abundance of macroalgal communities from lotic ecosystems of the midwestern region of Paraná State, southern Brazil. Simultaneously, species occurrence was investigated in accordance with the stream environmental data in order to evaluate possible ecological tendencies.
MATERIAL AND METHODS

Study Area
The occurrence of stream macroalgal communities was investigated in the mid-western region of Paraná State, southern Brazil (23  o 58'-26  o 13'S;  50  o 53'-54  o 35'W) . The study area is circumscribed by the following geographic accidents: Esperança Scarp (east border), Piquiri River (north border), Iguaçu River (south border) and Paraná River (west border) (Fig. 1) . The topography of the sampling area is variable along its extension and the relief is characterized as a plain (Maack, 1981) . There is an important declivity from east to west border and total slope is relatively high with the highest altitude reaching 1,250 m and the lowest 550 m (Wons, 1982) . The original vegetation is relatively well-preserved, showing highest disturbance by human activity near the biggest cities. About 80% of the sampling sites were well-preserved as to the original surround vegetation. Three main vegetational types are described as predominant in regional landscape: a) Clean Grassland with predominance of grass; b) Subtropical Rainforest with predominance of the pine species Araucaria angustifolia (Bertol.) Kuntze; c) Tropical Rainforest with highest vegetational diversity and restricted to lowest altitudes (Wons, 1982) . The regional climate corresponds to a variation of the humid subtropical (Cfa), according to Köppen classification (Wons, 1982) . 
Methodological approach
Twenty-two stream segments were sampled from late fall through early spring (May to October) in 2002, period considered as having the highest diversity and abundance of macroalgae in Brazilian streams (Necchi and Pascoaloto, 1993; Necchi et al., 1995; Branco and Necchi, 1996b) . Sites were visited once and were 10-30 km apart from each other. The estimation of the required number of the sampling sites was based on an adaptation of the Michaelis-Menten equation for reaction kinetics, using accumulated number of species and of streams during the sampling program (Necchi et al., 1995) . According to this estimation, twenty stream segments would be enough to yield a representative species richness in the study region. Each sampling site consisted of 10-m reaches in streams of variable sizes (1 st to 4 th order), which were thoroughly examined by means of crosstransect technique (Sheath and Burkholder, 1985) for the presence of macroalgae. In addition, abundance of each species was estimated in terms of percentage cover as described by Sheath and Burkholder (1985) , adopting the concept of macroalgae as defined by Sheath and Cole (1992) . The following stream variables were measured: water temperature, specific conductance, turbidity, pH, and oxygen saturation. All measurements were made directly in the field with the help of a Consort C535 water quality checker. Current velocity was measured using a 2030R General Oceanics mechanical flow meter, at five equally spaced points along the stream reaches, and averaged. Besides, substratum type (according to particle size classes given by Gordon et al., 1992) and shading (on the basis of a four-class scale: open, partly shaded, shaded and heavily shaded, modified from DeNicola et al., 1992) were also annotated. Cluster analysis was performed to identify the associations of sampling sites from a similarity matrix of sampling sites per species occurrence based on Jaccard index. Hypotheses were developed in order to find some relationship among the species composition and stream features. Thus, three model matrices (using separately chemical data, physical data and, finally, the approximate distance among sampling sites each other) were constructed and then Mantel tests were used to assess the statistical significance of the matrix correlation between the Jaccard similarity matrix and model matrices. Statistical significances were tested using 5,000 random permutations. The statistical analyses were carried out using NTSYS (Rohlf , 1998) .
RESULTS
Each stream variable showed a particular pattern of variation throughout the study area. Mean temperature during the sampling program was 18.6 + 2. In terms of shading, stream reaches showed the following features: Open (32% of all sampling sites), partly shaded (26.5%), shaded (23.5%), and heavily shaded (18%). Twenty-seven macroalgae were found in the study area, including 19 subgeneric taxa and eight vegetative groups with no new record for Brazilian streams. Chlorophyta was the dominant algal group (55.5% of the species), followed by Cyanobacteria (18.5%), Rhodophyta (14.8%) and Heterokontophyta (11.2%). The most widespread species was Phormidium retzii (C. Agardh) Gomont (Cyanobacteria), occurring in 31.8% of the sampling sites. In addition, "Chantransia" stage of Batrachospermum sp. (45.5%) was well distributed in the streams from the study area also. In contrast, 21 species (77.7%) were found only in one (14) or two (7) sampling sites.
On the other hand, half of the sampling sites (50%) had a macroalgal flora represented by few species (maximum of two species) ( Table 1) . As a general rule, open and partly shaded streams showed higher species number (mean of 3.3 species/stream) than shaded and heavily shaded areas (1.7 species/stream). Species richness per sampling site varied from 0 to 6 (2.7 + 1.7), whereas species abundance ranged from 0 to 23.1% (5.7 + 7.4, Table 1 and Fig. 2 ).
Abundance showed a positive correlation with species richness (r=0.397, p<0.05), however, no significant correlation was found with any of the stream variables analyzed. Species abundance was positively correlated with rock substrate (r=0.371, p<0.05) and negatively with gravel (r=-0.318, p<0.05) and sand substrate (r=-0.348, p<0.05). Cluster analyses (Fig. 3 ) and ordination procedures failed to produce an adequate representation of the sampling sites based on floristic characteristics. The cophenetic correlation was 0.741, considered by Rodrigues et al. (2002) as a relatively low value by standard criterion (usually only values above 0.8 provided a reasonable representation of similarity). The following correlations between Jaccard similarity matrix and model matrices were found: 1) chemical characteristics matrix -r=-0.024, p=0.551; 2) physical characteristics matrixr=0.159, p=0.063 and 3) distance among sampling sites matrix -r=-0.058, p=0.253. 
DISCUSSION
Despite the sampling program was carried out during the period considered as having the highest diversity and abundance of macroalgae in Brazilian streams (Necchi and Pascoaloto, 1993; Necchi et al., 1995; Branco and Necchi, 1996b) , the macroalgal species diversity found in the midwestern region of Paraná State (27 species/22 sampling sites) was considered lower when compared with other similar studies (Sheath et al., 1986; 1989; Necchi et al., 1995; Branco and Necchi, 1996a; Filkin et al., 2003) . All macroalgal species identified were previously known for Brazilian streams. The species diversity found in the study area was lower than those observed in other biomes, including the regions with very severe climate, such as south-central Alaska (Sheath et al., 1986) , as well as those strongly impacted, such as the northwest region of São Paulo State (Necchi et al., 1995) . Values of species diversity in the mid-western region of Paraná State were similar to those found in eastern Atlantic Rainforest of São Paulo State (Branco and Necchi, 1996b) . Mean species richness per sampling sites was the lowest ever reported for the macroalgal communities from other regions (Sheath et al., 1986 -3.8; Sheath et al., 1989 -4.9; Sheath and Cole, 1992 -2.7-3.6; Necchi et al., 1995 -3.1 ). Similar to as described for the Atlantic Forest streams (Branco and Necchi, 1996a) , a higher species number observed in the unshaded streams segments in comparison to the shaded ones suggested that the quality and quantity of light available to the macroalgal communities could be an important factor to explain the ecological distribution of these communities. All clustering procedures failed to produce an adequate representation of the similarity among the floristic composition and stream sampled in the mid-western region of the Paraná State. These results indicated wide and random variation among the streams. Thus, it seemed that the distribution of macroalgal communities in the study area responded more closely to the localscale variation than to the regional characteristics. Therefore, specific combinations of the characteristics in each stream interval (e.g., microhabitat combinations among a set of physical, chemical and biotic characteristics, such as, shading, substrate type, hydrodynamic features, resource supply, presence and type of herbivorous, among others) had more influence on the macroalgal communities diversity and distribution than any other global variable (e.g., climate features, land use, geology, and others). It was observed that the macroalgal flora found in the majority of the sampling sites was represented by few species and most of the macroalgal species identified showed restricted distribution with presence in few sampling sites. The wide distribution of Phormidium retzii in the study area (also reported to other region around the world) represented an evident exception to this assumption. However, there are several uncertainties about taxonomy circumscription of this species that, probably, represents a collective type in which several taxa are included under the same denomination (Geitler, 1932; Branco et. al., 1999) .
Other taxonomic and ecological studies on stream macroalgal communities developed in tropical, boreal and temperate regions from the American Continent showed that occurrence of stream macroalgal species with restricted distribution was very common. Sheath AND Burkholder (1985) showed that 17 of the 39 species (44% of all species identified) found in the stream from Rhode Island had their distribution restricted, at most, to the 5% of all sampling sites sampled. Still in North America, Sheath et al. (1989) observed about 45% of all species (30 of the 67 species) occurring in less than 5% of stream segments analyzed in the Boreal Forest. Similarly, Sheath et al. (1986) found 22 of the 40 species (55%) in up to 5% sampling sites from center-south region of Alaska. In Brazil, there are several studies showing similar results. Necchi et al. (1995) observed 55% of all species identified in the northwest region of São Paulo State as occurring in less than 5% of the streams investigated. Branco AND Necchi (1996b) found 61% of all species in less than 5% of the stream segments of the eastern region of the Atlantic Forest from São Paulo State. In the same study, approximately 49% of the species occurred in only one of the 52 sampling sites analyzed. Similar results were found in studies carried out in smaller geographic regions or in particular taxonomic groups. Necchi et al. (1994) investigated the macroalgal community of a tropical drainage basin and reported 32 macroalgal species, from which 15 (47%) were found in less than 10% of streams investigated. Finally, Branco et al. (1999) surveyed Cyanobacteria from 172 stream segments from São Paulo State, Brazil, and found 77% of the species occurring in, at most, 2% of sampling sites. Species observed exclusively in only one sampling site represented 65% of all species. These data suggested that the spatial heterogeneity of the running water systems was, in fact, the most important factor to define the diversity and distribution of the macroalgal community in these habitats. Thus, the way the spatial heterogeneity in stream was produced could be determined by a combination of several factors that was particular to each small stream fragment (i.e., patch) at a specific time. These dynamic combinations of spatial and temporal variability could be so particular that the community diversity in each small stream fragment couldn't be completely explained by any contemporary models of biodiversity, but by a random distributional model. It might explain the typical patch distribution frequently observed in the stream macroalgal communities in several regions of the world (Sheath et al., 1986; Sheath et al., 1989; Necchi et al., 1995) . In summary, these results as well as other reports from literature suggested that the diversity and distribution of a stream macroalgal community, depended primarily on the local-scale heterogeneity in smaller levels (i.e., microhabitat) and such specific combinations of chemical, physical and biological factors might be determinant of a random distributional model to stream macroalgal communities. However, more experimental studies are strongly recommended in order to test whether the random distribution would represent a general pattern in lotic macroalgae or would be more applicable to particular biome/region. Besides, other studies are required to understand the major mechanisms by which the environmental heterogeneity operates in local scale.
RESUMO
Durante o período de maio a outubro de 2002, vinte e dois segmentos de riachos, representando os diversos tipos de ambientes da região centrooeste do estado do Paraná, sul do Brasil, foram amostrados quanto à comunidade de macroalgas. Foram encontradas vinte e sete macroalgas. A divisão Chlorophyta foi o grupo algal predominante, seguido por Cyanobacteria, Rhodophyta e Chrysophyta. A espécie com melhor distribuição foi Phormidium retzii. Foi observado um padrão de distribuição em mosaico. O número de espécies por ponto de amostragem variou de zero a seis e correlacionou-se positivamente com abundância de espécies. Por outro lado, nenhuma outra correlação significativa foi encontrada entre número de espécies e abundância com as variáveis ambientais. Os resultados, suportados por dados de literatura, indicaram uma variação ampla e aleatória entre os riachos, sugerindo que a distribuição da comunidade de macroalgas na área de estudos parece responder mais fortemente a variações nas condições em escala local do que em escalas regionais maiores.
